[Abstract] A major barrier for using non-viral vectors for gene therapy is the short duration of transgene expression in postmitotic tissues. Previous studies showed transgene expression from conventional plasmid fell to sub-therapeutic level shortly after delivery even though the vector DNA was retained, suggesting transcription was silenced in vivo (Nicol et al., 2002; Chen et al., 2004) . Emerging evidence indicates that plasmid bacterial backbone sequences are responsible for the transcriptional repression and this process is independent of CpG methylation (Chen et al., 2008) . Dumbbell-shaped DNA vectors consisting solely of essential elements for transgene expression have been developed to circumvent these drawbacks. This novel non-viral vector has been shown to improve transgene expression in vitro and in vivo (Schakowski et al., 2001 and 2007) . Here we describe a novel method for fast and efficient production of minimised small RNA-expressing dumbbell vectors. In brief, the PCR-amplified promoter sequence is ligated to a chemically synthesized hairpin RNA coding DNA template to form the covalently closed dumbbell vector. This new technique may facilitate applications of dumbbell-shaped vectors for preclinical investigation and human gene therapy. 
Procedure
In this protocol we describe a method for the production of a) shRNA (example db-iPRT-hp-s/as:
targeting luciferase) or b) miRNA (example db-hp-miR-125b-1: expressing has-miR-125b-1) expressing minimised dumbbell vectors (Jiang et al., 2016) . For these dumbbells, shRNA or miRNA expression is driven by the human minimal H1 (mH1) promoter. The mH1 promoter is PCR-amplified using a forward primer which introduces a cleavage site for a nicking endonuclease and a reverse primer introducing a cleavage site for a conventional restriction endonuclease. After incubating the PCR product with both endonucleases, one loop structure of the dumbbell is formed by the refolding overhang generated by the nicking reaction, whereas the other loop is formed by ligation of a shRNA or miRNA-coding hairpin oligodeoxyribonucleotide. Ligation is performed in the presence of appropriate restriction enzymes to suppress the formation of misligated products (Cost, 2007) . www.bio-protocol.org/e2313 2. Withdraw a sample (1-2 µl) from the reaction mixture for gel electrophoresis analysis.
3. Perform analytical 1.5% agarose gel electrophoresis of the withdrawn samples to monitor the conversion yields and purity of dumbbell vector DNA (Figure 3 ). 
Data analysis
Analysis of dumbbell DNA conversion yield:
1. Measure the intensity of the DNA bands corresponding to the dumbbell products in the electrophoresis gel with ImageJ using the wand tool. The enzyme is supplied with 10x buffer R but here the universal 10x buffer FD was used instead after consulting Thermo Fisher's technical support.
3. Although the digestion product from this step can directly be used for ligation, we found an additional purification step could greatly increase the dumbbell conversion yield as shown in Figure 2 .
4. In some cases, a neutralising oligo was added into the ligation reaction to suppress reannealing of the short nicking fragment (see Figure 2) . Ligation was performed in FD buffer complemented with 1 mM final ATP instead of the ligation buffer since all enzymes including the ligase were 100% active in this buffer. To ligate the sh/miRNA-coding hairpin template and the promoter DNA, we followed the enzymatic ligation assisted by nucleases (ELAN) technique as described before (Cost, 2007) . The sh/miRNA-coding hairpin oligonucleotides are ordered PAGE purified and can directly be used for ligation.
5. According to our experience, the ligation reaction was completed within 4 h and longer incubation times did not improve the dumbbell yield.
6. T7 DNA polymerase exhibits 100% activity in the FD buffer and was therefore directly added into the ligation mixture.
7. It is essential to shake by hand instead of vortexing in order to mix the phase efficiently. 
